Modulation of alpha2beta4 neuronal nicotinic acetylcholine receptors by zinc.
A study was made of the modulation of nicotinic acetylcholine receptors by the divalent cation zinc. Rat neuronal nicotinic receptors (alpha2beta4) were expressed in Xenopus oocytes and membrane currents evoked by acetylcholine (ACh currents) were recorded using a two microelectrode voltage clamp. In non-injected oocytes, or in oocytes expressing alpha2beta4 receptors, Zn2+ by itself (1 microM-4 mM) generated only very small membrane currents. In contrast, in oocytes expressing alpha2beta4 receptors, Zn2+ greatly and reversibly increased the ACh current, without affecting considerably its time course. The ACh current potentiation by Zn2+ was weakly dependent on the membrane potential (2.33+/-0.10 times the control current at -100 mV vs 2.04+/-0.06 at -60 mV, suggesting that Zn2+ interacts with the receptor in the vestibule of the ion channel or at an external domain of the protein. The inward rectification of control and Zn2+-potentiated ACh-currents was similar. We conclude that Zn2+ positively and reversibly modulates neuronal nicotinic receptors in a practically voltage-independent manner and without affecting their rate of desensitization. These results will help to understand better the roles played by Zn2+ in brain functions.